Appl. No. 10/775,840 

Preliminary Amdt. dated July 1, 2004 

Amendments to the Specification: 

Please replace paragraph [0010] with the following amended paragraph: 

[0010] For a more detailed description of the embodiments, reference will now be made to the 
following accompanying drawings: 

Figur e 1 illustrat e s a w e llbor e having casing strings and a drill string; 

Figure-2J_ illustrates a flowbore fluid temperature control system; and 

Figure-4_2 illustrates a flat view of the inside surface of an optional ratchet sleeve in one of the 
embodiments of the apparatus for changing wellbore fluid temperature. 

Please delete the section "DETAILED DESCRIPTION OF THE EMBODIMENTS" and 
replace the section with the following amended replacement section. Deleted text is shown by 
strikethrough and the added text is shown by underline. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
[0011] The drawings and the description below disclose specific embodiments with the 
understanding that the embodiments are to be considered an exemplification of the principles of the 
invention, and are not intended to limit the invention to that illustrated and described. Further, it is to be 
fully recognized that the different teachings of the embodiments discussed below may be employed 
separately or in any suitable combination to produce desired results. 

[0012] FIGURE 1 illustrates a w e llbore 10 being drill e d from a surfac e 15 and having a drill string 

20, a last casing string 25, and a n e xt casing string 30. W e llbor e 10 is drill e d into a formation 32. 
Wellbore 10 pr e f e rably compris e s a cas e d w e llbor e s e ction 35 and an op e n w e llbor e s e ction 40. The 
cased w e llbor e s e ction 35 compris e s th e portion of w e llbor e 10 in which th e casing strings 25 and 30 
hav e be e n s e t. Op e n w e llbor e section 4 0 compris e s an uncas e d s e ction of w e llbor e 10. Th e last casing 
string 25 may compris e a surfac e casing string. — Th e n e xt casing string 30 may compris e an 
interm e diat e casing string. Alt e rnativ e ly, th e last casing string 25 and/or th e n e xt casing string 30 may 
also comprise any oth e r suitable casing string. A last casing sho e 15 is pr e f e rably dispos e d at th e 
bottom of last casing string 25. Th e last casing string 25 may b e s e cur e d to th e formation 32 by a last 
c e m e nt section 50, which is dispos e d in th e annulus b e tw e en th e formation 32 and th e last casing string 
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25. In alt e rnativ e ombodim e nts (not illustrat e d), additional caoing otrings, such as structural conductor 
casing strings, and th e lik e , may b e disposed in th e w e llbor e 10 betw ee n th e surfac e 15 and th e last 
casing string 25. Th e next casing sho e 55 is pr e f e rably dispos e d at th e bottom of th e n e xt casing string 
3& — Th e n e xt casing string 30 may b e s e cur e d to th e formation 32 by a n e xt c e m e nt s e ction 60 
dispos e d in th e annulus betw ee n th e formation 32 and th e n e xt casing string 30. Th e drill string 20 
may also compris e a drill bit 65, sub 75 , or th e lik e , such as ar e known in th e art. — Th e tubing 
comprising drill string 20 is likewis e w e ll known in th e art. Th e tubing may includo coiled tubing, 
joint e d tubing, and any oth e r suitabl e tubing. Th e w e llbor e 10 may also b e an off shoro or an on shor e 
w e llbor e . 

[0013] During drilling, drilling fluid is circulat e d down th e flowbor e of th e drill string 20, through 

the sub 75 and out th e drill bit 65. Th e drilling fluid can b e us e d to pow e r downholo motors, lubricat e 
the bit, or oth e r downhol e functions. — Th e fluid th e n trav e ls back up the w e llbor e 10 through th e 
annulus betwe e n th e w e llbor e and th e drill string 20. 

|QQ14 1[00121 The flowbore fluid temperature control system 85 selectively affects the temperature of 
the fluid flowing through the flowbore of a drill stem by controlling the fluid pressure and flow rate of 
the flowbore fluid. FIGURES 2 and 3 1 and 2 show an embodiment of a flowbore fluid temperature 
control system 85. FIGURE-2J. illustrates a cross-section view of a portion of the sub 75. As shown, 
sub 75 comprises a body 77 as well as a flowbore 79, which is a continuation of the flowbore of the drill 
string-^Q. Sub 75 also comprises the flowbore fluid temperature control system 85 that selectively 
affects the temperature of the fluid flowing through the flowbore 79 as designated by arrow 86. The 
flowbore fluid temperature control system 85 comprises a valve mechanism 87 that adjusts the fluid 
flow through the flowbore 79. The valve mechanism 87 as shown in FIGURE-21 is a multi-position 
valve mechanism comprising a valve sleeve 91 engaged with the inside of the sub body 77 by threads 
93. The outside of the sleeve 91 forms an annulus 93 with the inside of the sub body 77. The valve 
sleeve 91 also comprises flow ports 95 that allow fluid flow through the sleeve 91 and into the annulus 
93 as designated by arrows 97. Within the valve sleeve 91 is a piston 99 that slides to control fluid flow 
through the flow ports 95. The piston includes seals 101 that prevent fluid flow across the seals 101 
between the outside of the piston 99 and the inside of the valve sleeve 91. The piston 99 controls fluid 
flow through the valve sleeve 91 by selectively opening and closing fluid flow through the flow ports 95 
as the piston 99 slides within the valve sleeve 91. The valve sleeve 91 also includes a vent port 103 that 
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allows the pressure inside of the valve sleeve to adjust with the movement of the piston 99. 
t00 ^[00131 As best shown in FIGURES 2 and 3 1 and 2, the valve sleeve 91 also includes a ratchet 
sleeve 105. FIGURE-3_2 shows the inside of the ratchet sleeve 105 opened flat. As shown, the inside 
of the ratchet sleeve 105 includes a circumferential groove 107 that reciprocates between first positions 
1 09 and second positions 1 1 1 around the inside of the ratchet sleeve 105. The groove 107 also may be 
incorporated within the valve sleeve 91 itself, without the need for a separate ratchet sleeve 105. As 
shown in FIGURE-4_2, on the outside of the piston 99 is a ratchet lug 1 13 that travels within the groove 
1 07. As the ratchet lug 1 13 travels between the first and second positions 109, 111 of the groove 107, 
the piston 99 reciprocates axially as well as rotates within the valve sleeve 91. At each first and second 
position 109, 111 the piston 99 selectively opens or closes flow ports 95 to allow varying fluid flow 
rates through the valve sleeve 91. Also included within the flowbore fluid temperature control system 
85 is an optional lock ring 115. The lock ring 115 engages the piston 99 to lock the piston 99 into a 
selected position, thus maintaining a selected flow rate through the valve sleeve 91. 
fQQjl6 1[0014] The valve mechanism 87 may also comprise other types of valve mechanisms. For 
example, the valve sleeve 91 may not include the ratchet sleeve 105 for controlling the position of the 
piston 99. The valve mechanism 87 may also comprise a single-position valve mechanism such as a 
poppet valve, an orifice, a reduced-diameter flow path, or a tortuous flow path. The valve mechanism 
87 may also comprise single position devices used to create flow restrictions such as a flow restrictor 
placed in the flowbore. For example, the flow restrictor may be a ball, a sleeve, or bar dropped into the 
flowbore to create a flow restriction. Altering the restriction in the flowbore may comprise removing 
the drill string-20 from the wellbore4£ to change the restriction of the flowbore. Altering the restriction 
in the flowbore may also require using wireline fishing methods to install and/or retrieve the restriction 
device from the flowbore. The flowbore fluid temperature control system 85 may also comprise more 
than one valve mechanism 87. 

fQ(M-7 t[00151 As shown in FIGURE-^J_, the flowbore fluid temperature control system 85 further 
comprises an actuator mechanism 89, which comprises a spring 117 adapted to compress with the 
movement of the piston 99. The actuator mechanism 89 may also be comprise any other type of 
actuator for controlling the valve mechanism 87. For example, the actuator mechanism 89 may 
comprise a mechanical actuator such as a spring, an electrical actuator such as an electric motor, or a 
hydraulic actuator such as a hydraulic piston. The actuator mechanism 8 may also be an apparatus that 
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places the ball, sleeve, bar, or other single position restrictive device into the flowbore. 
jOOt& H00161 Not shown is an operating system that selectively operates the actuator mechanism 89 
and controls the fluid pressure in the flowbore 79. The operating system of the flowbore fluid 
temperature control system 85 may comprise a fluid pump located in the drill string-30 or on the surface 
44 that controls the fluid pressure within the flowbore 79. The operating system thus operates the 
actuator mechanism 89, and thus controls the position of the piston 99, by controlling the fluid pressure 
within the flowbore 79. Increasing the fluid pressure within the flowbore 79 produces a first load on the 
piston 99 in the direction of the fluid flow 86, thus causing the piston 99 to move and compress the 
spring 117. As the piston 99 compresses the spring 117, the piston 99 moves axially within the valve 
sleeve 91 and selectively opens the flow ports 95 to produce a desired flow rate. Moving the piston 99 
axially within the valve sleeve 91 also moves the ratchet lug 113 within the ratchet sleeve groove 107. 
As the piston 99 moves axially to compress the spring 117, the ratchet lug 113 moves to one of the 
second positions 111, rotating the piston 99 within the valve sleeve 91. Once the ratchet lug 113 
reaches one of the selected second positions 1 1 1, the piston 99 is prevented from moving further axially 
to compress the spring 117. Thus, any further increase in fluid pressure within the flowbore 79 will not 
move the piston 99 to compress the spring 1 17 any further. 

fQQi9 }f0Q171 The operating system also selectively decreases the fluid pressure within the flowbore 
79. Compressing the spring 1 17 creates a second load on the piston 99 from the spring 1 17. A decrease 
in the fluid pressure within the flowbore 79 allows the spring 117 to expand and thus move the piston 
99 in the opposite direction of the fluid flow 86. As the spring 1 17 moves the piston 99, the piston 99 
moves axially within the valve sleeve 91 and selectively closes flow ports 95 to produce a desired flow 
rate. Moving the piston 99 axially within the valve sleeve 91 also moves the ratchet lug 1 13 within the 
ratchet sleeve groove 107. As the spring 117 moves the piston 99 axially, the ratchet lug 1 13 moves to 
one of the first positions 109, rotating the piston 99 within the valve sleeve 91 . Once the ratchet lug 1 13 
reaches one of the selected first positions 111, the piston 99 is prevented from moving further axially. 
Thus, any further decrease in fluid pressure within the flowbore 79 will not allow the spring 117 to 
move the piston 99 any further. 

{0020 1100181 The operating system also moves the piston 99 such that the ratchet lug 113 travels in 
the ratchet groove 107, reciprocating the piston 99 between the first positions 109 and second positions 
1 1 1 successively as the piston 99 rotates within the valve sleeve 91. Successive increases and decreases 
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in the fluid pressure within the flowbore 79 thus cause the piston 99 to selectively move under the force 
of the fluid pressure and the force of the spring 117 as the ratchet lug 113 travels through the first 
positions 109 and the second positions 111. The operating system and the actuator mechanism 89 thus 
control the number of the flow ports 95 that are exposed to the flowpath by selectively positioning the 
ratchet lug 1 13, and thus the piston 99 at a desired first position 109 or second position 111. Movement 
of the ratchet lug 113 within the groove 107, and thus the movement of the piston 99, allows varying 
fluid flow rates through the valve sleeve 91. When a desired number of exposed flow ports 95 are 
selected, the operating system may be used to cycle the piston 99 through the positions of the ratchet 
groove 107 until the piston 99 reaches the position that allows the desired flow rate. 
{0021}J00191 The operating system may remotely operate the actuator mechanism 89 as discussed 
above. The operating system may also directly operate the actuator mechanism 89. The operating 
system may also be any system for operating the actuator mechanism 89. For example, the operating 
system may be mechanical such as a rotation or reciprocation device; hydraulic such as applied 
pressure, controlled fluid flow rate, or pressure pulse telemetry; electrical such as a generator power 
supply; or acoustic such as a sonar device. 

fOO23 tf00201 The flowbore fluid temperature control system 85 operates to control the temperature of 
the fluid in the flowbore 79. Fluid flows through the flowbore 79 as depicted by direction arrow 86. 
The fluid then travels through the flow ports 95 of the valve sleeve 91. The fluid then continues to flow 
through the flowbore 79 as designated by arrows 96 and 98. When the piston 99 is in one the second 
positions 111, further increasing the flowbore fluid pressure does not move the piston 99 any further 
axially in the direction of the fluid flow 86. Thus, fluid pressure in the flowbore 86 may be increased 
without increasing the flow area through the valve sleeve 91. Increasing the fluid pressure in the 
flowbore 79 above the valve mechanism 87 while maintaining the fluid flow area through the valve 
mechanism 87 increases the drop in fluid pressure across the valve mechanism 87. Increasing the fluid 
pressure drop across the valve mechanism 87 increases the temperature of the flowbore 87 fluids as they 
pass through the valve mechanism 87. The temperature of the flowbore fluid is increased due to the 
absorption of heat released from the fluid pressure drop. The heat is released as the fluid energy is 
expended across the fluid pressure drop due to the conservation of energy principle defined by the first 
law of thermodynamics. The amount of temperature increase of the wellbore fluid is determined by the 
heat capacity and density of the fluid and the fluid pressure drop. For example, assuming a completely 
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insulated system where all the heat is absorbed by the fluid, a 1000 lbf/in 2 fluid pressure drop with a 
fluid that has a heat capacity of 0.5 BTU/lbm-°F and density of 10 lbm/gal, the fluid temperature will 
increase by 4.9 °F. 

fQQ23 tiO0211 While specific embodiments have been shown and described, modifications can be 
made by one skilled in the art without departing from the spirit or teaching of this invention. The 
embodiments as described are exemplary only and are not limiting. Many variations and modifications 
are possible and are within the scope of the invention. Accordingly, the scope of protection is not 
limited to the embodiments described, but is only limited by the claims that follow, the scope of which 
shall include all equivalents of the subject matter of the claims. 
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